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Introduction
Long-term disability associated with failure to regain use 
of the arm is a major problem following stroke (Dean 
and Mackay 1992, Gowland 1982, Kwakkel et al 2003). 
Upper-limb contractures are common (Linn et al 1999, 
O’Dwyer et al 1996, Pandyan et al 2003, Wanklyn et al 
1996). Contracture refers to the loss of joint range of motion 
resulting from changes in the mechanical properties of soft 
tissues which cross the joint (Ada and Canning 1990, Herbert 
1988, Herbert 1993, O’Dwyer and Ada 1996, O’Dwyer et 
al 1996). This could involve a reduction in rest length or 
increase in stiffness of muscles or tendons (Goldspink and 
Williams 1990, Gossman et al 1982, Herbert 1993, Herbert 
2005) or of other tissues such as joint capsule and ligaments. 
Contracture becomes a problem when it impairs physical 
activity.
In the presence of severe loss of strength and dexterity after 
stroke, the wrist and finger flexor muscles are particularly 
at risk of developing contracture (Ada and Canning 2002) 
because the arm usually rests with the hand in the lap (Ada 
et al 2005, Ada and Canning 2002, Turton and Britton 
2005). In this position the wrist and fingers are in flexion, 
so the flexor muscles are effectively immobilised in the 
shortened part of their range. They are, therefore, likely to 
undergo the same adaptations that have been shown to occur 
when animal muscle is immobilised in a shortened position 
(Goldspink and Williams 1990, Herbert 1988, Herbert 2005, 
Herbert and Balnave 1993, Tabary et al 1972, Williams and 
Goldspink 1978).
Evidence from animal studies suggests that provision of 
intermittent stretch for 30 minutes per day provides an 
adequate stimulus to prevent these adaptations (Williams 
1990, Williams 1988, Williams et al 1988). It is reasonable to 
speculate that a similar 30 minute daily stretch could prevent 
contracture developing after stroke. However clinical trials 
investigating the effect of this intervention on upper-limb 
contracture following stroke have not yet yielded definitive 
results (Ada et al 2005, Dean et al 2000, de Jong et al 2006, 
Gustafsson and McKenna 2006, Turton and Britton 2005). 
The pooled estimate of the effect of stretching on passive 
shoulder external rotation range of motion from these five 
trials (fixed effect model) is that stretching increases range 
by a mean of 4 degrees (95% CI –1 to 10 degrees). The 
most optimistic confidence limit about this estimate (10 
degrees) is, arguably, a clinically worthwhile effect, given 
the typically limited duration of intervention in these trials 
(4 to 8 weeks). Consequently, while the existing data suggest 
stretching has little effect on range of motion after stroke, 
they do not definitively rule out a worthwhile effect. This 
conclusion is subject to additional uncertainty because only 
one of the five trials (Turton and Britton 2005) measured 
range of motion at a controlled torque. It is necessary to 
measure range of motion at controlled torques to ensure 
that any effect of stretch reflects a change in mechanical 
properties of soft tissues (Folpp et al 2006). The application 
of the same torque at each measurement session ensures that 
any change in passive range of motion measured is due to a 
change in muscle length and stiffness rather than to a change 
in the applied torque or to a change in the individual’s 
tolerance to stretch.
Australian Journal of Physiotherapy 2007  Vol. 53  –   © Australian Physiotherapy Association 2007 239
Horsley et al: Stretch in stroke rehabilitation
Four weeks of daily stretch has little or no effect on wrist 
contracture after stroke: a randomised controlled trial
Sally A Horsley1, Robert D Herbert2 and Louise Ada2
1The Townsville Hospital, Townsville  2The University of Sydney 
Australia
Questions: In adults undergoing rehabilitation after stroke, does 30 minutes of daily stretch of the wrist and finger flexors for 
four weeks prevent or reverse contracture, decrease pain, or improve upper-limb activity? Are any gains maintained one week 
and five weeks after the cessation of stretching? Design: Randomised controlled trial with concealed randomisation, assessor 
blinding, and intention-to-treat analysis. Participants: 40 adults undergoing rehabilitation after stroke or stroke-like brain injury, 
who were unable to actively extend the affected wrist. Intervention: Both groups received routine upper-limb retraining five days 
a week. In addition, the experimental group received 30 minutes daily stretch of the wrist and finger flexors five days a week for 
four weeks. Outcome measures: The primary outcome was contracture, measured as torque-controlled passive wrist extension 
with the fingers extended. Secondary outcomes were pain at rest measured on a 10-cm visual analogue scale, and upper-limb 
activity measured using the Motor Assessment Scale. Outcomes were collected at baseline, post-intervention, and one and 
five weeks after cessation of intervention. Results: The mean effect on passive range of wrist extension was 5.1 degrees (95% 
CI –0.9 to 11.1) after 4 weeks of daily stretch, 4.1 degrees (95% CI –4.0 to 12.3) after a week of no stretch, and 3.5 degrees 
(95% CI –4.6 to 11.7) after a further four weeks. Conclusion: These data suggest that four weeks of regular stretching has 
little or no effect on wrist contracture after stroke. However the estimate of the size of this effect is not sufficiently precise to rule 
out the possibility of a marginally worthwhile effect. The stretch had no significant effect on upper-limb pain, and did not result 
in significantly improved upper-limb activity. [Horsley SA, Herbert RD, Ada L (2007) Four weeks of daily stretch has little 
or no effect on wrist contracture after stroke: a randomised controlled trial. Australian Journal of Physiotherapy 53: 
239–245]
Key words: Randomized Controlled Trail, Stroke, Contracture, Wrist, Physiotherapy, Rehabilitation
Therefore, our research questions were:
1.  In adults undergoing rehabilitation after stroke, does 30 
minutes of daily stretch of the wrist and finger flexors 
for four weeks prevent or reverse contracture, decrease 
pain, and improve upper-limb activity? 
2.  Are any gains maintained one week and five weeks 
after the cessation of stretching?
Method
Design
A parallel-group, randomised trial was conducted. 
Participants were recruited to the trial on commencement 
of their rehabilitation program. Baseline measures were 
collected prior to randomisation into either the experimental 
or the control group. A computer-generated randomisation 
table was kept by a person who was remote from the 
study site and independent of recruitment, and group 
allocation was revealed by phone call. Participants in the 
experimental group received a daily 30 minute stretch 
of the wrist and finger flexors, five days a week, for four 
weeks. Usual upper-limb rehabilitation continued for both 
the experimental and control groups throughout the study 
period. The daily stretch was ceased at the end of four 
weeks and outcome measures were collected at least one 
day after the last stretch. Outcome measures were collected 
again at five weeks, after which time the therapists and 
patients were informed that stretching could be resumed for 
the experimental group or commenced, in the case of the 
control group, as they decided. At nine weeks, final outcome 
measures were collected, again at least one day after the 
last stretch. Outcome measures were collected by therapists 
trained in the measurement procedures who were blind to 
group allocation. To maintain blinding, participants were 
asked not to discuss any aspect of the trial with assessors. 
The study received ethical approval from the appropriate 
institution and informed consent was obtained from all 
participants.
Participants
All patients admitted to the rehabilitation service were 
screened for eligibility. Patients were included if they 
presented with stroke or stroke-like brain injury (ie, 
subarachnoid haemorrhage resulting in hemiplegia, but 
not traumatic head injury or Parkinson’s disease), were 18 
years of age or older, and were unable to actively extend 
the affected wrist past neutral (since this was deemed likely 
to pose a risk of contracture). Patients were excluded if 
they had language, comprehension, or cognitive problems 
which prevented informed consent, if they had co-existing 
upper-limb conditions which directly affected movement 
(eg, fractures, inflammatory arthritis, peripheral nerve 
injury), or if they were not able to participate in upper-limb 
rehabilitation.
Intervention
The experimental group received 30 minutes of stretch of 
the wrist and finger flexors of the affected arm, five days a 
week, for four weeks. The stretch used was a seated, weight-
bearing stretch of the arm, with the shoulder positioned 
in external rotation, slight abduction and extension, the 
elbow in maximum extension, the forearm in supination, 
and the wrist and fingers in maximum extension (Figure 
1). Participants were instructed to hold the stretch at the 
point where they felt tightness or stretch, but not pain. 
Physiotherapists who were working in the rehabilitation 
unit supervised or assisted with stretches as required. 
This stretch was delivered routinely in the rehabilitation 
unit because it was efficient; many patients were able to 
maintain the stretch independently without the therapists 
giving hands-on assistance. If, during the intervention 
period, a participant was not able to carry out the seated 
weight-bearing stretch due to pain or was confined to bed, 
the stretch was administered either manually in sitting or 
in supine (therapist-applied stretch), or by using a hinged 
arm board (instrument-applied stretch). The duration and 
type of stretch used for each participant was recorded by 
the administering physiotherapist after every session. The 
control group did not receive any stretch of the wrist and 
finger flexors during the intervention period.
Participants in both groups received the usual upper-
limb rehabilitation provided by the physiotherapists and 
occupational therapists in the rehabilitation unit. Upper-limb 
rehabilitation was not standardised or monitored. However, 
treating therapists were instructed that, with the exception 
of the stretches administered to the experimental group in 
accordance with the trial protocol, wrist and finger stretches 
were not to be administered. Rehabilitation usually involved 
both group and individual sessions conducted five days a 
week, and consisted of strengthening and task-specific 
practice of upper-limb activities.
Outcome measures
The primary outcome was contracture measured as passive 
wrist extension in degrees. Torque-controlled measures 
of passive wrist extension with the fingers in extension 
were obtained using the procedure described by Harvey 
et al (1994). Repeated measurements of a standardised 
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Figure 1. Seated weight-bearing stretch with wrist and 
fingers in maximum extension, elbow extended, and 
shoulder in some external rotation.
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protocol were averaged in order to decrease variability of 
the measures (see Appendix 1 on the eAddenda for details 
of the trial method).
Secondary outcomes were pain and upper-limb activity. A 
10-cm visual analogue scale, with 0 cm representing ‘no 
pain’ and 10 cm representing ‘worst pain’ (McCaffery and 
Pasero 1999), was used to measure pain at rest. Participants 
were asked to rate the pain they were experiencing at the time 
of testing only. A composite of the three upper-limb items of 
the Motor Assessment Scale (Carr et al 1985, Lannin 2004) 
was used to score upper-limb activity between 0 points (no 
activity) and 18 points (best possible score/good activity). 
It was administered following the measurement of pain and 
prior to the measurement of torque-controlled passive wrist 
extension.
Data analysis
The minimal clinically-worthwhile effect on the primary 
outcome measure (ie, maximum passive wrist extension) 
was set a priori at 10 degrees since this amount of passive 
wrist extension was considered by a group of clinicians 
to be sufficient to positively affect upper-limb activity. A 
predictive power calculation estimated that a sample size 
of 40 would be adequate to provide an 80% probability of 
detecting a 10 degree effect, based on the assumption of a 
standard deviation of 10 degrees and allowing for a worst 
case loss to follow-up of 20%.
Analysis of covariance using baseline scores as covariates 
was used to estimate the size of the effect of intervention 
on contracture, pain and upper-limb activity at 4 weeks, 
5 weeks, and 9 weeks. Means (SDs) and mean between-
group differences (95% CI ) were calculated. Probabilities 
of less than 0.05 were considered significant. All data were 
analysed by intention-to-treat.
Results
Flow of participants through the trial
One hundred and twenty-two patients consecutively admitted 
to the rehabilitation service following stroke or stroke-like 
brain injury were screened for eligibility. Seventy-three 
were excluded because they were able to actively extend 
the affected wrist past neutral, four because they had co-
existing upper-limb conditions, and four because they were 
unable to participate in rehabilitation programs due to an 
unstable medical condition or to severe communication and 
cognitive problems. One patient with chronic stroke was 
also excluded because he was not participating in upper-limb 
rehabilitation. The 40 eligible patients were randomised 
to groups (20 to the experimental group, 20 to the control 
group). Participants in the experimental and control groups 
were similar in diagnosis, age, side of hemiplegia, and 
chronicity (Table 1). The mean age of participants was 62 
years (SD 19) and the mean time since stroke was 29 days 
(SD 37).
The flow of participants through the trial is shown in 
Figure 2. During the intervention phase, one participant 
self-discharged from the rehabilitation unit and refused to 
continue the intervention due to increased arm pain. This 
participant attended the Week 4 measurement session and 
although the measure of wrist extension was limited by pain, 
it was included in the intention-to-treat analysis. However, 
this participant then withdrew from the study so subsequent 
measures could not be obtained. Primary outcomes were 
not available at Week 5 from one other participant from 
the experimental group who went home on holiday, and 
two other participants at Week 9, because one participant 
from the experimental group was discharged to a remote 
hospital due to medical problems and one participant from 
the control group died. Consequently, the primary outcome 
measure was obtained from 100% of participants at Week 
4, from 95% of participants at Week 5, and from 93% of 
participants at Week 9.
Compliance with trial method
Each experimental participant should have completed 20 
stretches (ie, one stretch five days a week for four weeks) 
so that the 20 participants in the experimental group 
should have completed 400 stretches. However, since the 
stretches were supervised by therapy staff, they were not 
carried out on public holidays, accounting for nine missing 
stretches, and bringing the possible number to be carried 
out down to 391. Since 377 were carried out, the overall 
compliance was 96%. Ten participants carried out all 20 
stretches, six carried out 19 stretches, and three carried 
out 18 stretches. One participant who withdrew from the 
study during the intervention period carried out only nine 
stretches. Stretches were not carried out on two occasions 
when patients did not attend outpatient appointments due to 
transport problems, and on one occasion when a patient was 
too unwell to participate. When stretches were carried out, 
they were maintained for the required 30 minutes. Of the 
stretches carried out 76% were the seated weight-bearing 
stretch, 22% were therapist-applied stretches, and 2% were 
instrument-applied stretches.
Table 1. Baseline characteristics of all participants and participants lost to follow-up.
Characteristic All participants Participants lost to follow-up
Exp 
(n = 20)
Con 
(n = 20)
Exp 
(n = 2)
Con 
(n = 1)
Diagnosis, number (%)
 Stroke
 Subarachnoid haemorrhage
 Meningitis
19 (95)
1 (5)
0 (0)
18 (90)
1 (5)
1 (5)
2 (100)
0 (0)
0 (0)
1 (100)
0 (0)
0 (0)
Age (yr), mean (SD) 61 (21) 62 (17) 69 88
Gender (M:F) 6:14 13:7 0:2 1:0
Side of hemiplegia (R:L) 7:13 10:10 0:2 0:1
Chronicity (days), mean (SD) 23 (27) 35 (44) 27 4
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Effect of intervention
Group data for the four measurement occasions, within- 
and ANCOVA-adjusted between-group data are presented 
in Table 2. Individual data can be found in Table 3 (see 
eAddenda for Table 3).
Over the intervention period, between Week 0 and 4, 
maximum passive wrist extension stayed the same in the 
experimental group and decreased slightly in the control 
group but there was no significant difference between 
groups (p = 0.09). The ANCOVA-adjusted estimate of the 
difference between groups was 5.1 degrees (95% CI –0.9 
to 11.1) in favour of the experimental group. During the 
following week, the experimental group lost range so that 
by Week 5, there was even less difference between the 
groups (p = 0.31). The ANCOVA-adjusted estimate of the 
difference between groups was 4.1 degrees (95% CI –4.0 to 
12.3) in favour of the experimental group. For the next four 
weeks, there was a small loss of range in both groups so 
that at Week 9, there was even less difference between the 
groups (p = 0.38). The ANCOVA-adjusted estimate of the 
difference between groups was 3.5 degrees (95% CI –4.6 to 
11.7) in favour of the experimental group.
Over the intervention period, between Week 0 and 4, there 
was no significant difference in pain scores between groups 
(p = 0.76). The ANCOVA-adjusted estimate of the difference 
between groups was 0.2 cm (95% CI –1.0 to 1.3) in favour of 
the control group. By Week 5, there was still no significant 
difference between the groups (p = 0.36). The ANCOVA-
adjusted estimate of the difference between groups was –0.3 
cm (95% CI –1.1 to 0.4) in favour of the experimental group. 
By Week 9, there was also no significant difference between 
the groups (p = 0.78). The ANCOVA-adjusted estimate of 
the difference between groups was 0.2 cm (95% CI –1.5 to 
2.0) in favour of the control group.
Over the intervention period, between Week 0 and 4, upper-
limb activity improved in the experimental group and stayed 
the same in the control group but there was no significant 
difference between groups (p = 0.10). The ANCOVA-
Week
Usual upper-limb rehabilitation. 
30 min of daily stretch 
(n = 19)
Usual upper-limb 
rehabilitation. 
No stretch
Figure 2. Design and flow of participants through the study. One participant from the experimental group withdrew from the 
intervention but his outcome measures at Week 4 were obtained. Pain was unable to be measured from two participants from 
the control group on all occasions due to communication problems.
0
Usual upper-limb 
rehabilitation. 
No stretch
Usual upper-limb rehabilitation. 
No stretch
4
5
Patients assessed for eligibility (n = 122)
Ineligible (n = 82)
Measured contracture, pain, upper-limb activity
Randomised (n = 40)
 Experimental Group Control Group 
 (n = 20) (n = 20)
Measured contracture, pain, upper-limb activity
 (n = 20)    (n = 20)
Measured contracture, pain, upper-limb activity
 (n = 18)    (n = 20)
Usual upper-limb 
rehabilitation including 
stretch as indicated
Usual upper-limb rehabilitation 
including stretch as indicated
9 Measured contracture, pain, upper-limb activity
 (n = 18)    (n = 19)
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adjusted estimate of the difference between groups was 1.7 
points (95% CI –0.4 to 3.8) in favour of the experimental 
group. During the following week, upper-limb activity 
stayed the same in the experimental group and improved 
slightly in the control group, so that by Week 5, there was 
less difference between the groups (p = 0.44). The ANCOVA-
adjusted estimate of the difference between groups was 0.9 
points (95% CI –1.4 to 3.1) in favour of the experimental 
group. For the next 4 weeks, there was a small improvement 
in upper-limb activity in the experimental group, and the 
control group stayed the same, so that by Week 9, there 
was still a small difference between the groups (p = 0.12). 
The ANCOVA-adjusted estimate of the difference between 
groups was 2.3 points (95% CI –0.7 to 5.3) in favour of the 
experimental group.
Discussion
The best estimate of the effect of four weeks of daily 
stretch was that it increased range of motion by 5 degrees. 
However, given the precision of the estimate, it is quite 
possible that the true effect of stretch could lie anywhere 
between a negative effect of 1 degree and a beneficial effect 
of 11 degrees. We decided a priori that stretching must 
have an effect of 10 degrees to be clinically worthwhile. By 
this criterion, our data suggest stretching does not have a 
worthwhile effect, although we cannot definitively rule out 
a marginally-worthwhile effect.
While animal studies have found that 30 minutes of stretch 
a day is sufficient to prevent muscle shortening (Williams 
1988, Williams 1990), this study failed to produce a similar 
effect in humans. In addition to the greater variability in 
humans, there may be differences in the rate of muscle 
adaptation between species (St Pierre and Gardiner 1987) 
and differences in the critical stimulus for adaptation 
of muscle length between humans and animals. The 
development of contracture may be slower and the effect of 
stretch on contracture may be smaller in humans. A more 
frequent, higher-intensity stretch over a longer duration 
may be required to produce similar muscle adaptations 
in humans to those found in animals. Further research is 
required to determine whether there is an optimal frequency, 
duration and intensity of stretch which effectively prevents 
or reverses contracture following stroke.
On average, neither the experimental nor the control group 
developed clinically-significant degrees of contracture. 
Even after nine weeks, the average loss of passive range 
of wrist extension in the control group was only 9 degrees. 
This is in contrast to other studies where the control groups 
have developed more severe contractures (Ada et al 2005, 
de Jong et al 2006, Pandyan et al 2003). It suggests that, in 
the current study, passive wrist extension was maintained 
to some extent by factors other than stretch. For example, 
patients routinely received at least an hour of upper-limb 
rehabilitation daily, upper-limb group classes were held 
routinely, electrical stimulation was used routinely to enhance 
wrist and finger extension, and it was routine for patients to 
be given upper-limb tasks to practise without supervision 
from a therapist. On the other hand, participants received 
less than 12 minutes a day of upper-limb rehabilitation in 
the studies by Ada et al (2005) and de Jong et al (2006). This 
may explain why the effect of stretch in the current study is 
small compared to some studies where stretch has prevented 
more significant degrees of contracture (Ada et al 2005, de 
Jong et al 2006).
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Given that there was little effect of stretch on contracture 
in this study, it is not surprising that there was also little 
evidence of an effect on pain. Stretching neither increased 
nor decreased pain at rest, suggesting that stretch does 
not produce painful adverse effects. Over the nine weeks, 
participants in the control group experienced only a small 
increase in pain of 0.6 cm. This finding is in line with those 
of other studies (Dean et al 2000, Gustafsson and McKenna 
2006).
The difference between groups of 1.7 points at 4 weeks 
for upper-limb activity favoured the experimental group. 
However, the wide 95% confidence intervals indicate a large 
degree of uncertainty in the size of the effect, and include 
no effect. The sample size is, therefore, too small to rule out 
clinically-worthwhile effects on upper-limb activity. Other 
studies of stretch in adults after stroke have shown similar 
inconclusive results (Ada et al 2005, Dean et al 2000, de 
Jong et al 2006).
It is possible that contracture may have developed more 
slowly and been less severe in this study because upper-limb 
retraining reduced the amount of time the wrist and finger 
flexors were immobilised in shortened positions. If this is 
the case, the risk of contracture for people who have not 
regained upper-limb strength and activity would be greater 
after discharge from intensive rehabilitation programs. The 
effectiveness of stretch over the long term, after intensive 
rehabilitation has ceased, requires further investigation.
Although a predictive power calculation was conducted to 
estimate the required sample size prior to commencement 
of the study, the sample size was insufficient to provide 
definitive evidence of an effect or lack of effect. The 
confidence interval spans the range from a below zero 
to a clinically-worthwhile effect. Therefore, both the 
possibility that there could be no effect, and the possibility 
that there could be a small but clinically-worthwhile effect 
are consistent with the data. We are unable to discriminate 
between these possibilities.
A further limitation of this study is that, while all 
measurement procedures were conducted by blinded 
assessors, participants were aware if they were receiving 
a stretching program. The participants were, therefore, not 
blinded to the intervention. This provides a potential source 
of bias.
In conclusion, this study suggests that a program of 30 
minutes daily stretch of the wrist does not have clinically-
worthwhile effects on wrist contracture after stroke. We 
cannot, however, definitively rule out the possibility that the 
stretch has a marginally-worthwhile effect.
eAddenda: Appendix 1 and Table 3 available at 
www.physiotherapy .asn.au
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